interfaces -factors that affect fire risk such as flammable material conditions and land use -could sometimes be preventive and sometimes an additive factor [6] .
There are many studies on the relationship between climate and fire activity around the world, especially since the 1990s, with increasing recognition regarding the fact that climate change is increasing, along with the number of studies on the issue. While talking about the relationship between climate and fire activity, it is impossible not to talk about global climate change. In one study, in which many scientists from all around the world discussed the global climate, it was found that the temperatures in many large areas in South America, South Asia, Australia, and New Zealand increased significantly in 2009.
Among these countries, Australia had its second warmest year on record, India had its warmest year, Alaska had its second warmest July, and New Zealand had its warmest year in 155 years since they started taking records. Besides temperature, drought also has been seen in North America, the Caribbean, South America, and in large lands in Asia. In 2009 China had the worst drought of the last 50 years and with the decrease in monsoon rains in India, it had a very dry June. In addition, in the section for Turkey, it has been stated that the average temperature in Turkey in 2009 was 0.9ºC higher than the average of 1971-2000 [7] .
Many scientific studies have been carried out on revealing fire hazards using climate data. A study carried out about North America in 2001 stated that there would be an increase in fire intensity in the USA in all climate scenarios for the future, and that there would be a 25-50% increase in the land burned [8] . Another study carried out on Canada found that climate change could increase temperatures and change rainfall in Canada. In estimations for Ontario, it was projected that temperatures would increase in future fire seasons and that precipitation would be relatively stable or increase at a small rate [9] .
Another study on Canada predicted that there will be an increase of 1-1.5ºC in average summer temperatures in 2040, and a 4-5ºC increase for 2090. According to the projections, these changes in temperature will be accompanied by small changes in regional rainfall. However, due to the increase in evaporation in forests, this change will not compensate for the potential fall in humidity, and fuel humidity will therefore decrease. A 24% increase in fires arising from lightning in 2040 and 80% increase in 2090 are projected.
In addition, a 7% increase is expected with regards to human-induced fires in 2040, while a 26% increase is expected for the 2090. However, these can be considered as optimistic projections since the changing precipitation is not included here. When the whole is considered, a 15% increase in fire activity is expected in Ontario in 2040 and a 50% increase is expected for 2100. Due to change in fire activity and behavior, a 30.21% increase is expected in escaped fires by the end of 2040 and an 80% increase by the end of the 21 st century. According to estimations made as a result of these figures, it is projected that firefighting expenses will increase. Excluding other economic variables, this increase will be around 16% in 2040 and around 54% for 2090 [10] . In a different study about Canada, Girardin [11] has found that the main risk factors among climate factors in terms of forest fires were the increasing summer temperatures and summer drought.
In a study on large fires in Alaska in North America, it has been stated that the most determinant factor influencing the large fires in this area was the frequency and time of rainfall, and that these factors were more important on large fires compared to monthly temperature and monthly rainfall. In addition, in the last decade, the increase in large fire season frequency coincided with the increase in temperatures in Alaska during the same period. And this indicates that the increase in temperatures in Alaska had a significant impact on large fires [12] . Going down to the Southwest USA, it is found that in addition to human-induced factors, other natural factors also effect the number of large forest fires. Among these natural factors are the amount of flammable materials, temperature, precipitation, wind, humidity, and lightning. Climate, on the other hand, especially affects temperature and precipitation, and burn and presence of flammable materials, and thus it has an effect on large fires. The presence of flammable materials particularly affects ecosystems containing dry and scattered plantation, and flammability affects the ecosystems containing humid and dense plantations. As a result, the distribution of vegetation and the fire regime types are strongly related to long-term averages of precipitation and temperature [13] .
There are many studies examining the relationship between climate and fires in Europe. In one of these studies, Carvalho [14] found that there was a strong relationship between air conditions, the number of fires, and the area burned in fires. Due to the weather conditions projected for the future, it is estimated that there will be an increase in the number of fires and the area burned [14] .
In another study of Zumbrunnen et al. [15] , the effects of temperature, precipitation, drought, and dry foehn winds on the fires occurring in different places and times were compared. It was found that temperature and precipitation were the main determinants of fire regime in the Sub Alpine zone.
In such areas, foehn winds and even non-climatic factors have significant importance. The significance of certain factors has changed over time. While temperatures and precipitation were the main factors behind fires in the first half of the 20 th century, they lost their significance in the 2 nd half of the century. It was found in the study that although there was a significant increase in temperatures in Valais in the last century, there was no significant change in fire regime. However, in the second half of the 20 th century, temperatures were less effective on fire regime when compared to human-induced activities or the existence of biomasses in the forests. The total area burned annually increased significantly. And when the previous decades are analyzed, there seems to be a significant increase in the number of large fires. The study revealed that temperature and precipitation were the main actors in the frequency and the area burned in the 20 th century and that as of the mid-20 th century these factors had lost their importance. First of all, the increase in the amount of flammable materials arising from the use and management of forests should be considered. Then, developing firefighting techniques should be concentrated on and the increase in human-induced fires should also be taken into consideration [15] .
Fire is a dominant ecological factor in Mediterranean ecosystems as well. In the study of Pausas [16] However, although the number of fires increased in the last 30 years, the area burned in fires did not show a significantly increasing trend. This difference in trend is related to the amount of summer precipitation. Although it does not show a linear trend statistically, the result of several estimations showed that summer precipitation showed a decreasing trend over the last 50 years. This regional decrease in summer precipitation is 5.2 mm per decade. Summer precipitation, which determines the large part of the flammable material humidity in the fire season, is a significant criterion while estimating the area burned. The fires over the last 30 years caused the burning of larger areas in dry years when compared to other years having higher precipitation. The increase in natural areas, settlement area intersections, the abandoning of agricultural lands, and the increase of summer droughts and fire hazards seem inevitable for the future [16] .
In a study by Pinol [17] , on the other hand, it has been found in the analysis of meteorological records of Roquetes that there had been an increase in temperature and drought during the period 1910-94. The increase in drought here is not arising from the decrease in annual precipitation but from the increase in average temperatures and change in daily temperatures, and therefore causes high evapotranspiration. Since 1968 there has been an increase in fire activity in Spain due to dry and warming climate conditions. If actual trends continue, the high risk of fire in the Mediterranean region will also continue, and large forest fires will occur more frequently. Therefore, fire protection and firefighting policies should be reviewed by considering that conditions will worsen [17] .
Material and Methods
Our study area is the Muğla region, which is one of the 27 General Directorates of Forestry in Turkey. Almost 56% of the regional directorate (2,048,603 ha) is forest area.
Muğla is located between 26º53' E 37º56' N and 29º47' E 36º15' N. The dominant climate is Mediterranean. The average annual precipitation is approximately 90 mm, while the average temperature is 15ºC. 40% of the precipitation in the region falls in spring and autumn seasons, while 24% falls during the summer months.
Unlike Turkey, dry years are dry in the entire Muğla region, and humid years are humid too. This indicates that climatic variation over the years is homogenous for the region. Preliminary analysis showed that there is a 94.5% positive correlation among the 33 meteorological stations' data, and this data is found to explain 80.1% of the events at 95% confidence level.
A Similar study was carried out in eastern Spain by Pausas [16] in 2004, who examined the relationship of the forest fire activity in that region with meteorological data. In order to achieve accurate results, regression analysis, F test, and GAM function were utilized. According to the results of the study, no autocorrelation was found between the area burned in previous and following years. However, it was found in the consecutive 2-3 years after the year in which there were high number of fires, that there were also a high number of fires. This can be interpreted as a positive correlation at significant level. However, this positive trend was observed to decrease as of the 4 th year [16] . In our study that we carried out using a similar method in Turkey and in the Muğla Regional Directorate of Forestry, the data about the number of fires per year and the area burned during 1977-2011 was obtained from the annual fire reports prepared by the General Directorate of Forestry and annual assessment reports for the region.
Climate data of the study area were obtained as annual data from the General Directorate of Meteorology for the period of the study. Using the annual precipitation and average temperature values obtained from the stations, the annual average temperatures, annual precipitation, summer (June, July, and August) precipitation, and average summer temperatures were calculated.
Although the type of stations changed, temperature and precipitation data has been collected from all meteorological stations, and the distribution of 33 stations in Muğla is given in Fig. 2: where the dark-colored circles indicate MS Besides the area burned and annual number of fires, when the climate data of the region are examined, it is obviously that the changes in climate are effective on fire information. In order to find out the significance level of the fire information and climate data, regression analysis and F-test were utilized. When no significant relationship was found among the data, it was tried to determine the inclination by utilizing smoothing GAM.
Autocorrelation analysis was carried out for the number of fires and annual area burned, and the cross-correlation analysis was carried out. Autocorrelation and cross-correlation were calculated using the times series package defined by Venables and Ripley [18] .
Results
When the correlation between years and the number of fires in Turkey are analyzed, it is seen that there is a strong positive correlation (0.77), and that there is a negative correlation when the area burned is taken into account. Therefore, whereas there is an increase in the number of fires every other year, it is understood that the unit area burned in these fires decreases.
In the aforementioned studies, it is stated that the data on the number of fires and the area burned do not show a regular distribution.
The p values of 0.0001096 for the number of fires and 2.915e-12 for the area burned obtained from Shapiro test validate that these data do not show a normal distribution.
The high error ratio of 4640.494 and low R 2 value of 0.5581 and high residual value for the number of fires and the years in Turkey show that the correlation between these two variables is weak. When the area burned is assessed by years, the high error rate of 259.017, low R 2 of 0.1975, and high residual values show that there is no correlation between the area burned and the years.
In Muğla, which ranks first in Turkey in terms of number of forest fires and the area burned, different results have been obtained. As seen in Fig. 3a , there is an obvious increase in the number of fires in the last 30 years in the study area. An average of eight units increase has occurred in the number of annual fires. There is a significant autocorrelation in the number of fires in time lags shorter than nine years (Fig. 3b) .
As a result of regression analysis, F value for the change in the number of fires in time is found to be 103.6 and p<0.0001. (The interrupted lines in the autocorrelation graphic in Fig. 3b show 95% confidence interval.)
The annual area burned in the last 30 years has shown significant changes within years, and the variation reached maximum level in 1988 (almost 9,000 ha) and 2005 (almost 17,000 ha) (Fig. 4a) . With regards to the amount of area burned, the temporal model does not show a significant autocorrelation (Fig. 4b) . The temporal change in the area burned, including the GAM smoothing line, is shown in Fig. 4b (the interrupted lines in the autocorrelation graphic in Fig. 4b indicate 95% confidence interval) .
When the change in average precipitation in Muğla in the last 30 years is examined, no clear inclination is seen (Fig. 5a ). Although the precipitation data of summer months shows a decreasing trend, this decrease is not statistically significant due to the big differences in precipitation data in years (p=0.06).
Besides, annual precipitation values do not show autocorrelation, and summer precipitation shows a negative autocorrelation in a two-year period.
Annual The correlation that was not found between annual area burned and annual precipitation was found in summer precipitation, even a little (F=4.2, p=0.04). Although the mentioned correlation seems small, it is effective on the area burned, and there is an increase in the size of area burned in dry summers. Although the correlation between summer precipitation and number of fires seems small, the number of fires tends to decrease with increasing rainfall.
There is a positive cross-correlation between annual area burned and summer precipitation in a two-year period (lag of 2) (Fig. 6b) . As a result, the linear regression between the area burned and summer precipitation is statistically significant at F=44.31, p<0.001.
Discussion
As in all other parts of the World, climate change significantly affects Europe, particularly the Mediterranean countries. Many studies have been carried out to date, and these studies reveal that the forests will be under the effect of difficult conditions due to climate change.
In a study on temperatures in the Mediterranean region, Hertig and Jacobeit [19] have stated that, when the entire Mediterranean region is considered (although still there is uncertainty in the distribution of the effects of climate change), significant temperature changes up to 40ºC would be expected by the end of the century [19] .
According to another study that Deque [20] carried out on France, it has been stated that the summer drought would increase, although the number of days with heavy rain during the winter would also increase. In addition, an increase is also expected in the number of days during which there will be heat waves [20] . Also, in their study on climate estimations for the future, Planton et al. [21] have stated that the most significant changes will be in temperature, and that the heat wave will be longer, stronger, and more frequent [21] .
In their study, Goubanova and Li [22] analyzed the extreme temperature and precipitation changes in the Mediterranean region for two chosen future periods. It has been found that there is an increase in annual maximum and minimum temperatures in all regions. The highest increase in maximum temperatures has been found to be in southern
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The changing climate factors will have obvious impacts on forest fires. An increasing trend has been found in the area burned in Canada in the last 30 years. Again, in the same period, the fire season has become warmer. The results achieved have revealed that the increase in fire activity was related to climate change and carbon dioxide emissions [23] . Fire risk around the Mediterranean region increased with the extension of the fire season. Fire hazards will be a bigger threat in the Mediterranean region in the future. Since the precipitation does not increase, the increasing temperatures will cause drought in Mediterranean and Continental Europe's mild conditions. It is expected that the forest fire hazard in all Europe and particularly in the Mediterranean region will increase [24] .
Morionda et al. [25] , project that the fire hazard will increase not only in coastal Europe but also in the mountain forests in Mediterranean countries such as the Alpine region in Italy, the Pyrenees in Spain, and mountainous areas of the Balkans [25] .
Whereas there is a significant positive correlation between years and number of fires in Turkey according to our study, there is a negative correlation between years and area burned. This means that the number of fires increases by years but the area burned in each fire decreases. We can correlate this situation with an increase in the number of human-induced and deliberately-induced fires, the increase in the population around forested areas, and with fires arising from energy lines and negligence.
Also, there is no correlation between the area burned and years.
The number of fires in Muğla, which ranks first in terms of fires and area burned, has increased in the last 30 years. The largest areas burned in fires in Muğla were 9,000 ha in 1988 and 17,000 ha in 2005. However, no correlation has been found between time and the amount of area burned in the field of study.
In the period of study, the annual temperatures and summer temperatures increased by 0.38ºC and 0.32ºC. No correlation was found between annual area burned and annual precipitation. There is a small correlation between annual area burned and summer precipitation. However, this correlation, which is small in terms of numbers, has significantly affected the area burned in dry summer months recently. Although the correlation between summer precipitation and annual number of fires is small, the number of fires changes with the increase in precipitation.
Muğla has a strong pressure on forests due to its Mediterranean climate, tourism, high land value, increases in population, and intense migration. It has been seen that the coastal cities in the Mediterranean and Aegean in Turkey have started to receive high numbers of immigrants as of 1985 [26] .
A study on increases in population-migration, which included Muğla, stated that there was a significant migration movement in five important cities in Turkey (Bursa, Mersin, Adana, Antalya, and Muğla) following the three largest metropolitan cities between 1985 and 1990, and the reasons for this high migration rate were industry and tourism [27] .
High urbanization has negative impacts on forests. The urban population in Turkey increased by 347% between 1970 and 2004 [28] .
Due to the increase in urban population, there has been a significant increase in CO 2 emissions arising from energy, industry, agriculture, and waste (total CO 2 emission increase 1990-2007 was 119.1% [29] .
It is now known that the reason of global climate change is man-made gases. These man-made gases triggered the greenhouse effect in the atmosphere, which ended 49 million years ago [30] . CO 2 , one of these gases, is the reason for the greenhouse effect in the atmosphere. According to Budzianowski [31] , the CO 2 gas in the atmosphere that causes global warming will peak before 2100. It has been stated in the same study that the reason of the The Impact of the Changing Climate... 1369 given case is due to fossil fuel consumption continuing and the fact that the world population will peak in 2075 [31] . The field of this study is dry and hot during summers due to being in the Mediterranean climate zone. In addition, there has been an increase in temperatures and summer droughts due to recent global climate change. It has been known for many years that there is a direct correlation between the increase in temperatures and CO 2 emissions. While CO 2 emissions in the 1850s were 270 ppm, this value reached up to 390 ppm in 2010. In parallel, there had been a 10ºC increase in temperatures in the same period [32] .
Climate change, increase in population, migration, and tourism pressures has led to an increase in forest fire risk. As in all other Mediterranean countries, most of the large forest fires in Muğla are human-induced. Therefore, it is predicted that the forest fires in the Muğla region's forests may lead to wider problems under the effects of these factors, creating pressure on fires.
